ABSTRACT: Chiroptical materials found in butterflies, beetles, and other 
34 Inorganic nanoscale components are particularly attractive for 35 many emerging and established technologies due to their 36 special optical and electronic properties and their greater 37 environmental robustness compared to many organic mole-38 cules.
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Nature's method to fabricate and diversify its materials is 40 based on the structural hierarchy utilizing a spectrum of small 41 structural units that hierarchically self-organize across multiple 42 scales into ever more sophisticated systems. 7, 8 Therefore, one 43 can ask a question: Can the assembly of small inorganic building 44 blocks with some biomimetic characteristics self-organize into 45 hierarchical systems with a degree of complexity rivaling that found 46 in nature? Answer to this question will also help us understand 47 better the limits of stunning analogies between nanoparticles 48 and globular biomolecules, such as proteins. To observe self-organization, the CdTe NPs were 83 precipitated by addition of 2-propanol and centrifuged for 5 84 min, followed by redispersion in deionized water with pH 9.0 in 85 a nitrogen atmosphere (see Methods). Figure S1 ).
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Scanning electron microscopy (SEM) showed the formation 105 of nanorods (NRs) as the primary product of the self-assembly 106 process. The lengths of the NRs were ∼250 nm for assembly of f1 107 D-NPs and ∼300 nm for L-NPs (Figure 1a,b) . The length of 108 NRs can be controlled by the assembly conditions and can be 109 as long as 5 μm using NPs synthesized with a molar ratio of 110 CYS/Cd of 1.7:1 in a pH 10.0 solution, indicated in Figure  111 1c,d. The diameters of NRs assembled from D-and L-NPs are 112 ∼20 and ∼23 nm, respectively, and reveal high uniformity. 113 Both D-and L-NRs self-organize into even higher order lamellar 114 assemblies. Similarly to liquid crystals, the self-organized 115 structures from chiral NRs may also reveal a chiral, for 116 instance, cholesteric, pattern of three-dimensional organization. 117 Figure 1a and b, however, display only a two-dimensional 118 representation of the higher order structures from NRs and are 119 not sufficient to elaborate on the micrometer-scale chirality of 120 the lamellae or potential twist in the mutual orientation of 121 adjacent NRs. From the circular dichroism (CD) spectra (Figure 3h ) one 172 can see that the helical NRs have distinct chiroptical activity in 173 the region from 300 to 800 nm, confirming enantioselectivity of 174 the assembly process. Importantly, D-and L-NPs produce 175 helical NRs with mirror-image CD spectra, whereas the 176 precursors to the supraparticles, i.e., NPs, and their early Figure S6c,d) ; the red-shift of the 213 luminescence due to aggregation is (over)compensated by the 214 blue-shift due to oxidation, leading to the formation of Te 215 cores. PL lifetimes increased from 22 ns for D-NPs to 52 ns for 216 the left-handed helix and from 19 ns for L-NPs to 35 ns for the 217 right-handed helix ( Figure S9 ). There could be several reasons 218 for such a noticeable change in PL dynamics. One of them is 219 the decrease of the spatial confinement of the electrons and 220 holes. Another could be the formation of a thin layer of CdS on 221 the surface of CdTe NPs from the decomposition of cysteine 222 For comparison, the energy of dipolar attraction, known to 265 be a significant factor determining the geometry of self-266 assembled structures for 3.2 nm CdTe NPs, can be estimated to 267 be ca. 9.7 kJ/mol using, for instance, the classical formula for 268 aligned dipoles ( Supporting Information, Part I) . 30 This 269 juxtaposition with dipole−dipole interactions shows the 270 importance of the chiral interactions as a determinant of the 271 assembly geometry, especially considering their cooperative 272 nature for the face-to-face contact between NPs.
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To confirm that the molecular-scale chirality of CYS surface 274 ligands can indeed translate into the nanoscale chirality of the 275 NRs, we performed coarse-grained molecular dynamics (MD) 276 simulations of NP self-assembly (Supporting Information Part 277 II). Four primary features of the experimental system, i.e., the 278 excluded volume effects due to the NP shape, the attraction of 279 the NPs to the surface of the Te core, dipolar interactions, and 280 the chiral asymmetry of NP−NP interactions originating from The data described so far show that molecular chirality of 324 stabilizers induces the formation of chiral superstructures. To 325 confirm the finding that molecular-scale chirality is reflected in 326 the nanoscale geometry of the assemblies, we also need to test 327 the case of racemic stabilizer-capped NPs. Therefore, we carried 328 out a complementary experimental and computational study of 329 self-assembly processes from rac-NPs taken in the same amount 330 and assembled under the same conditions. The in-silico 331 assemblies driven by an achiral interparticle pair-potential Response. Nature 2012, 483, 311−314. 
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